cultured cells confirmed their tumour origin. Xenografts established from the cell line or directly from primary tumour tissue have retained a similar histology to the original tumour on serial transplantation. An electrophoretic study of exportable pancreatic digestive enzymes and a number of intracellular enzymes has shown that the cell line and xenografts maintain a human intracellular enzyme profile, but do not produce pancreatic digestive enzymes. AL)ENOCARCINOMA of the exocrine pancreas is increasing in incidence in the United States and Western Europe (Morgan & Wormsley, 1977) . It is difficult to diagnose in a stage at which conventional therapy is likely to be effective, and is almost inevitably fatal. Laboratory studies of this tumour have been limited, by the lack of experimental models, to analysis of surgically excised tissue (Grant et al., 1978) , pancreatic and duodenal juice (Allan & White, 1977) or other body fluids from cancer-bearing patients (Chu et al., 1977; Gelder et al., 1978) . There is a need for detailed in vitro studies, but the difficulty of establishing the tumour in primary culture or as xenografts in immunedeficient animals is reflected by the limited number of successful reports in this field (Lieber et al., 1975; Owens et al., 1976; Yunis et al., 1977; Akagi & Kimoto, 1977; Schmidt et al., 1977; Courtenay & Mills, 1978) . This paper reports the establishment and characterization of primary pancreatic exocrine adenocarcinoma in tissue culture, together with xenografts in immune-deficient mice.
MATERIALS AND METHODS
Cell culture.-Tissue from a 15 cm, anaplastic and poorly differentiated primary adenocarcinoma in the head of the pancreas in a 56-year-old female was placed in culture medium immediately after removal at operation by pancreaticoduodenectomy. Peripheral tumour was dissected free of surrounding normal tissue, cut into small segments and minced with crossed scalpels in a small volume of fresh medium. Aliquots of this crude cell suspension were evenly dispersed into 25 cm2 plastic culture flasks (Falcon) together with a further 4 ml of culture medium. Preliminary studies were carried out using Ham's F12, Eagle's basal essential medium (BEM) or Dulbecco's modification supplemented with 10% foetal calf serum, non-essential amino acids, 1 mm glutamine, 200 u/ml penicillin G, 200 ,tg/ml streptomycin, 50 ,ug/ml gentamicin (Flow Laboratories) and 50 tzg/ml soya-bean trypsin inhibitor (Sigma Chemical Co.). Flasks were incubated at 37°C in 5% CO2 in air with medium changes every 3-4 days. Confluent cell monolayers were passaged by treatment with 1 0 ml 0 020% EDTA (Lieber et al., 1975) . Tumour cells (5 x 105) in 5 ml fresh medium were added to the fibroblast monolayer. Plating efficiency was determined by counting colonies after 1-2 weeks.
Chromosome analysis.-Fresh medium was added to cultures 1 week after subculture and 15 h before addition of 1 ,ug/ml colcemid (Gibco Biocult). Cells were incubated for a further 3 h at 37°C, suspended with EDTA, washed, lysed with 75mM KCI for 10 min and fixed with methanol/acetic acid (3:1). Chromosome preparations were stained with Geimsa, mounted and photographed for counting (Schwarzacher & Wolf, 1974) . 100 cells were analysed at 2 different passages.
Autoradiography.-Cells cultured in fresh medium were exposed to 0 5 jtCi/ml 3H-thymidine (28 Ci/mmol, Radiochemical Centre, Amersham) for 12 h at 37°C, washed in phosphate-buffered saline (PBS) fixed with methanol/acetic acid and 5% TCA, and processed for autoradiography using Ilford K2 liquid emulsion (Ilford Ltd., Cheshire). Autoradiographs were developed after 7-14 days and stained with Leishman's. The labelling index was calculated from the number of radioactively labelled cells in 200 cells.
Xenografts.-Female outbred congenitally athymic nu/nu mice about 2 months old were used in these studies. Mice were bred and maintained in sterile conditions in a negative pressure isolater and remained healthy and disease-free throughout.
Tissue was obtained immediately after operative removal of a moderately welldifferentiated adenocarcinoma in the body of the pancreas of a 60-year-old female (IR) and a poorly differentiated adenocarcinoma in the head of the pancreas in a 63-year-old female (WB). The after, the epithelial cells grew to confluency and were passaged by EDTA treatment alone. The cells grew as an epitheloid monolayer without fibroblast contamination, and have undergone 20 serial transfers to date (Fig. 1) (Fig. 2) , and growth in soft agar with a PE of 2%. Normal diploid human fibroblasts grew in both of these conditions with PEs of 0 001 % and 0*005 % respectively. The adherent monolayer cells also grew as solid tumours in nude mice after an initial lag phase of 5 weeks; no growth has so far been obtained with floating cells or fibroblasts. There are similarities in the histological appearances of the mouse xenografts and the original primary pancreatic tumour (Fig. 3) .
Xenografts from primary human tissue been established directly as xenografts (Fig. 4) ; both have been transplanted with a greater than 90% "take" rate in successive passages. Although the 2 lines have different growth rates they show similar characteristics: a prolonged latent period after the initial implantation followed by slow growth. On serial transplantation the latent period shortens and the growth rate increases (Table I ). The histological appearances of the xenografts were maintained throughout transplantation (Fig. 5) .
Enzymte profile of cell line and xenografts
An electrophoretic study of a number of pancreatic enzymes normally exported by acinar cells established their absence from the tumour cell line (Table II) in agreement with the low enzyme levels previously found in native primary pancreatic cancer tissue (Grant et al., 1978) . Chymotrypsin-like activity which cleaved the synthetic substrate benzosalicylanilide-/-phenyl proprionate was detected in the extracts of the xenografts, but had a different electrophoretic mobility to human pancreatic chymotrypsin, and was found to come from surrounding mouse mammary tissue. Human pancreatic DNase I activity was only detected in xenograft extracts; non-specific lysozomal DNase II could be detected in all tissues tested.
Intracellular enzymes glucose 6 phosphate dehydrogenase (G6PD), 6-phosphogluconate dehydrogenase (6PGD), phosphoglucose isomerase (PGI), and phosphoglucomutase (PGM) were retained in the cell line and xenografts, together with carbonic anhydrase and alkaline phosphatase, as the most common human phenotypes (Table III) . ment with the experience of others (Lieber et al., 1975 (Hosick, 1976) . It suggests an exaggerated loss of specific cell adhesion, which may be associated with the process of metastasis clinically. The patient unfortunately developed widespread diffusely infiltrating osseous and visceral tumour within 6 months of resection, despite the absence of microscopic lymphnode involvement or other evidence of extra-pancreatic progression at surgery. Neither the xenografts from this cell line nor those from direct primary tumour implantation, however, showed the ability to metastasize in nude mice.
The histological similarities between each xenograft and its tumour of origin, together with the continued presence of intracellular enzymes of the expected human phenotype, suggests that the cultured tumour cells have preserved many of their original characteristics. These in vitro and in vivo models should provide a representative source of tumour components uncontaminated by the normal tissue inevitably present in native tumours.
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